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Patent Application: Sho 60(1985) May 27'*^ 
Inventor: Kenji Shinozaki Address; . 

Inventor: Akio Nojiri Address; ■ 

Inventor: Ikuo Tomizuka Address; 
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Representative: Takehiko Suzue, Patent Attorney, including two other people 

Details 

1 . Name of Invention 

Method of preparing a conductive material. 

2. Range of Invention 

Method of preparing a conductive material that features dissolving 

Fluorene (^jj^^^j^^ or its derivative C^^X^^X!^ 

X 

(X is one kind selected from OH, Br, CI, NHj, and alkyl group) in a solution and 
making anode oxidation 

3. Detailed Explanation of Invention 
(Areas for Industrial usage) 



This invention is about the method of preparing a conductive material. 
(Current technologies and problems.) 

Currently, polymer materials containing conjugated double bonds such as 
polyacetylene and poly-p-phenylene are known as organic materials that have 
high electric conductivity. However, polyacetylene is unstable and easy to get 
oxidized in the air. Although poly-p-phenylene is superior to polyacetylene in 
terms of stability, it is required to be doped with a material giving an electron or 
receiving an electron in order to improve electric conductivity. Consequently, the 
electric conductor that is thus obtained is unstable and its electric conductivity 
decreases with the passage of time. 

Other than the organic materials mentioned above, polypyrrole, polythienylene, 
etc. are known as organic conductive materials. They also need to be doped with 
a material giving an electron or receiving an electron in order to improve its 
conductivity, and the electric conductors obtained by the doping are more stable 
than those shown above. However, such organic material as polypyrrole etc. also 
has a lot of room for improvement in terms of stability and strength. It has been 
desired to develop new conductive materials for improvement. 

This invention has developed a method for preparing a conductive material that 
enables to regulate electric conductivity consistently within the range of 10'^ ^0*^ 
(ohm • cm)'. 



(Solutions to the problems) 

This invention presents a method of preparing a conductive material that 



(X is one kind selected from OH, Br, CI, NH2, and alkyl group) in a solution and 
making anode oxidation. 

In this invention, the solution that contains a salt includes an organic solvent such 
as nitromethane, propylene carbonate, tetrahydrofuran, dimethylformamide, a- 
butyrolactone, dimethoxyethane, acetonitrile, nitrobenzene etc. that dissolves an 
electrolyte such as tetraalkyl ammonium salts such as tetraethylammonium 
perchlorate, tetrabutylammonium perchlorate, tetraethylammonium 
tetrafluoroborate, tetrabutylammonium tetrafluoroborate, tetraethylammonium 
hexafluorophosphate, tetrabutylammoium hexafluorophosphate etc. or lithium 
perchlorate, lithum teterafluoroborate, lithium hexafluorophosphate, sodium 
hexafluorophosphate; or aqueous sulfuric acid, perchloric acid etc. Preferable 



features dissolving fluorene 




or its derivative. 




combination is nitromethane and a tetraalkylammonum salt, or aqueous perchloric 
acid. 

As for the concentration of the salt (electrolyte), the range from 0. 1 mol/L to 1 
mol/L is preferable. As for the concentration for fluorene or its derivative, the 
range from 0.01 mol/L to 1.0 mol/L is preferable. 

As a conductive material of the electrode to be used for anode oxidation in this 
invention, it is fine as long as it has higher oxidation potential than that of 
fluorene or its derivative. 

The method of anode oxidation may be a constant electric current method, 
constant potential method, or potential sweep method. 

The control of the conductivity of the conductive materials obtained in this patent 
can be possible by changing the level of oxidation of the deposited material. In 
other words, it can make electric conductivity either smaller or bigger by making 
cathode reduction or anode oxidation of the formed conductive materials in the 
solution containing a salt. 

(Function and Effectiveness of Invention) 

According to the method of preparing a conductive material of this invention, the 
conductive materials that are stable and regulate conductivity within the range of 
10'^— 10^ (ohm • cm) ' can be obtained. 

(Examples) 

The below shows some examples for the present invention. 
Example 1 

Tetraethylammonium perchlorate was dissolved in 10 cc of nitromethane at the 
level of 0.1 mol/L , and then fluorene was dissolved in the nitromethane solution 
at the level of 1 mol/L. And in the solvent, an anode made of a 1 cm x 1 cm 
platinum plate and a cathode made of a 1 .5 cm x 2.0 cm nickel mesh were set face 
to face at fix space and electric current of 4 mA was turned on through them. 

Ten seconds later the platinum plate started to become black as a material was 
depositeid on the plate. An hour later, the platinum plate was completely covered 
with the black deposits. Electric current was turned off under this condition. Next, 
the platinum plate was take out, washed with nitromethane, and dried up. After 
that, the film-shaped deposits were torn off from the platinum plate. The thickness 
of the film-shaped deposits was 0.1 mm. When the conductivity of the film- 
shaped deposits was measured by the four-terminal method, it was about 0.6 
(ohm • cm)'V It was found to be very stable. 



Example 2 

Electrochemical deposits were obtained on the platinum plate under the same 
conditions as in Example 1. And then, the platinum plate having the deposits was 
set as an electrode in an electrolyte solution of propylene carbonate containing 1 
mol/L of lithium perchlorate, and the platinum electrode was charged at a 
constant potential of 2 V against lithium as a reference electrode for 24 hours. 
After some time, the conductivity of the film-shaped deposits that were torn from 
the plate was measured by the four-terminal method in a similar manner as in 
Example 1. The conductivity was about 1.3 x 10'^ (ohm • cm) '. It was found 
to be stable. 

Example 3 

Film-shaped electrochemical deposits having a thickness of 0.03 mm were 
obtained in a similar manner as in Example 1 except that tetraethylammonium 
perchlorate was dissolved in 10 cc of nitromethane at the concentration of 0. 1 
mol/L and, in it, 9-hydroxyfluorene was dissolved at the concentration of 1 mol/L. 
The conductivity of the film-shaped deposits was measured by the same method 
as in Example 1. It was about 0.8 (ohm • cm) ' and it was found to be stable. 

Example 4 

Film-shaped electrochemical deposits were obtained in a similar manner as in 
Example 2 except that 9-hydroxyfluorene was dissolved at the concentration of 1 
mol/L in nitromethane in which tetraethylammonium perchlorate was dissolved. 
The thickness of the film-shaped electrochemical deposits was about 0.03 mm. 
When the conductivity of the film-shaped deposits was measured by the four- 
terminal method, it was about 2.4 x 10"^ (ohm • cm)*' and it was found to be 

stable. 



Patent Application Rep: Takehiko Suzue, Patent Attorney 



Correction 



Showa61 (1986), March 27 



1 . Indication of this matter 

Tokugan Sho 60 —1 13676 (Application number) 

2. Name of the invention 

A method of preparing a conductive material. 

3. Person who corrects and relationship with this matter 
(529) Koga Denki Kogyo Inc., applicant 

4. Representative 

Takehiko Suzue, Patent attorney 
Address; 

5. Self-correction 

6. Corrections: Details 

7. Contents of corrections 

(1) We correct the range of the patent request as shown in the attached page. 

(2) This invention is the manufacturing method * shown in from line 1 8 

on page 2 to line 2 on page 3 in Detailed Explanation of Invention need to 
be corrected as indicated below. 



This invention presents a method of preparing a conductive material that 



(X is one kind selected from OH, Br, CI, NHj, and alkyl group) in a solution and 
making anode oxidation. 



Note 



features dissolving fluorene 




or its derivative 




(A separate page) 



2. Range of Invention 

Method of preparing a conductive material that features dissolving 

fluorene t^jI^^l^jJ derivative 

X 

(X is one kind selected from OH, Br, CI, NHj, and alkyl group) in a solution and 
making anode oxidation 




Representative: Takehiko Suzue, Patent Attorney 



